Three species in the genus Chlamydia can cause disease in humans: C. pneumoniae, C. trachomatis, and C. psittaci. Diseases caused by chlamydiae include trachoma; respiratory infection, including pneumonia; and sexually transmitted infection of reproductive organs, including cervicitis, pelvic inflammatory disease, urethritis, and epididymitis (24, 34, 38) . Pneumonia in adults can be caused by both C. pneumoniae and C. psittaci (psittacosis), and that in newborn children can be caused by C. trachomatis (19) . Recent isolations of Chlamydia species in cardiovascular tissue have also been reported, suggesting a broader range of diseases and syndromes (36) .
Chlamydia species are intracellular bacteria that require tissue culture techniques to be isolated (16, 28) . Identification of species depends on phenotype differences and immunoreactivity to species-specific monoclonal antibodies (37) . Also, molecular amplification techniques based on genomic sequences have been used for the differentiation of Chlamydia species (32, 40) . In addition, various techniques to detect and differentiate Chlamydia species have been developed; they include DNA hybridization with genomic DNA probes (3), restriction fragment polymorphism analysis of PCR-amplified products (20, 31, 43) , and nested PCR (5, 32) . Recently, molecular amplification techniques have been demonstrated to have improved sensitivity compared to culturing and other diagnostic assays for the detection of chlamydia infection in urine, endocervix, throat and urethral swabs, sputa, bronchoalveolar lavage fluids, and eye secretions (4, 5, 27, 35, 40, 41) .
In this study, three primer sets targeting the 16S and 16S-23S spacer rRNA genes were designed for the detection of C. trachomatis, C. pneumoniae, and C. psittaci. Primers were designed to target DNA sequences that were most heterogeneous in the 16S and 16S-23S spacer rRNA genes of the three Chlamydia species (11, 15, 33) . The three amplified products were designed to be sufficiently different in size so that they could be easily discriminated when detected by gel electrophoresis. An improved PCR protocol was also developed. Four characteristics distinguish our touchdown enzyme time release (TETR)-PCR: a hot start polymerase enzyme to avoid artifacts before amplification, a touchdown protocol for annealing temperatures to improve the specificity of primer binding, an enzyme time release protocol to allow 60 cycles of amplification for improved analytical sensitivity, and multiplex target coamplification capabilities.
The sensitivity, specificity, and agreement of TETR-PCR with various primer sets used to detect DNA of C. trachomatis in vaginal swab samples, DNA of C. pneumoniae in clinical respiratory specimens, and DNA of C. psittaci in animal tissue samples were measured. TETR-PCR with primer set CTR 70-CTR 71 (CTR 70/71) for the detection of C. trachomatis was compared to a commercial PCR test (AMPLICOR Chlamydia trachomatis test; Roche Diagnostics Systems, Branchburg, N.J.). TETR-PCR with primer set CPN 90-CPN 91 (CPN 90/91) for the detection of C. pneumoniae was compared to a nested PCR with primer sets CP1-CP2 and CPC-CPD (CP1/ 2-CPC/D) (5, 40) . TETR-PCR with primer set CPS 100-CPS 101 (CPS 100/101) for the detection of C. psittaci was compared to tissue culturing. In addition, the three primer sets were combined into a multiplex TETR-PCR to detect and identify C. pneumoniae, C. trachomatis, or C. psittaci tissue culture isolates in a single test.
MATERIALS AND METHODS

Clinical samples.
Vaginal samples for the detection of C. trachomatis were obtained as part of another study designed to assess the utility of vaginal swab samples for the molecular detection of sexually transmitted diseases (29) . This study was approved by the institutional review boards of The Johns Hopkins University and Fort Bragg Womack Army Medical Center. Consecutive activeduty military women, 18 to 59 years old and attending the Epidemiology and Disease Control Clinic at the Womack Army Medical Center, Fort Bragg, N.C., were invited to participate in the study from March to September 1997. During enrollment, 89% (265 of 298) consented to participate. Vaginal swab samples collected by clinicians were placed in 1 ml of specimen transport medium (AMPLICOR) and kept at 4°C to prevent DNA degradation until arrival at the laboratory.
Fifty respiratory specimens were obtained in 1994 during an outbreak of C. pneumoniae respiratory infection in northern Sweden (5). These included sputum (n ϭ 17), nasopharyngeal (n ϭ 17), and throat (n ϭ 16) samples, which were processed by a modified version of a method described previously (5, 39, 40) . Specimens were vortexed for 1 min and transferred to 15-ml tubes. The sputum was digested in an equal volume of freshly prepared 6% N-acetyl-L-cysteine (Mucomyst; Draco, Lund, Sweden) for 30 min during vortexing. The throat and nasopharyngeal specimens were digested in an equal volume of 2 or 4% N-acetyl-L-cysteine, depending on their viscosity. Digested specimens were washed with twice their volume of cold phosphate-buffered saline (pH 7.2) by centrifugation at 3,000 ϫ g for 15 min. The supernatant was discarded, the pellet was resuspended in an equal volume of 0.01 M Tris HCl buffer (pH 8.2), and the preparation was stored frozen at Ϫ70°C.
Twenty minced liver or spleen tissue samples from 20 birds in which psittacosis was suspected were kindly provided by Arthur Andersen (National Animal Disease Center, Ames, Iowa). Samples were ground in 0.01 M Tris HCl buffer (pH 8.2), and 50 l was used for DNA preparation.
Organisms. A strain of each of 15 serovars of C. trachomatis, 22 strains of C. pneumoniae, 20 strains of C. psittaci, and 2 strains of Chlamydia pecorum were obtained from our freezer repository to be tested by multiplex TETR-PCR (Table 1) . Twenty-nine other bacteria, protozoa, and fungi used to test the specificity of the primers were obtained from the Clinical Microbiology Laboratory, The Johns Hopkins Hospital, Baltimore, Md., and the American Type Culture Collection, Manassas, Va.
Culturing. Culturing was performed as described previously for C. trachomatis and C. pneumoniae (9, 16) . Chlamydia strains (200 l) were inoculated in triplicate into shell vials containing monolayers of buffalo green monkey kidney (BGMK) cells or HEp-2 cells. Inoculated shell vials were centrifuged (800 ϫ g) for 60 min at 35°C. Following aspiration of the supernatant, 1 ml of inoculation medium containing 1.0 g of cycloheximide per ml was added. After 72 h (48 h for C. trachomatis) of incubation at 35°C, a second passage was performed. The contents of a shell vial were fixed with 90% methanol, stained with genus-specific fluorescein-conjugated monoclonal antibody (Kallestad, Chaska, Minn.) as well as species-specific fluorescein-conjugated monoclonal antibody for C. trachomatis (Behring Diagnostics Inc., Cupertino, Calif.) or for C. pneumoniae (Washington Research Foundation, Seattle), and read for the presence of inclusion bodies with an epifluorescence microscope (Axioplan, Zeiss, Germany); organisms from two shell vials were stored at Ϫ70°C. Culturing of C. psittaci from animal tissues was performed at the reference laboratory (National Animal Disease Center). Titration of chlamydia stock cultures to determine the titers of organisms was performed with 96-well microtiter plates containing monolayers of BGMK cells. One hundred microliters of 10-fold dilutions of the chlamydia cultures was inoculated, incubated, fixed, and stained as described above in duplicate wells. The number of inclusion bodies counted under the epifluorescence microscope for each well was multiplied by the dilution factor to calculate the number of inclusion-forming units (IFU) per milliliter in the chlamydia stock cultures.
DNA extraction. DNAs from chlamydia cultures, processed respiratory samples, minced tissue samples, and other microorganisms were prepared by the Chelex method (42) . Mixtures of 50 l of specimen and 200 l of a 5% suspension of chelating resin (Chelex 100; Sigma, St. Louis, Mo.) in Tris HCl buffer (0.01 M, pH 8.0) were incubated at 56°C for 15 to 30 min. The chelating resin was kept in suspension by continuous stirring with a magnetic bar while it was added to the specimens. After incubation, preparations were mixed gently and heated at 100°C for 8 to 10 min. After being mixed again, preparations were stored at Ϫ70°C. Immediately before testing, preparations were centrifuged for 30 s in a microcentrifuge (11,000 ϫ g), and 10 l of the supernatant was used for PCR.
Vaginal swab samples were processed by the AMPLICOR sample processing method. For specimens transported in specimen transport medium, an equal volume of specimen diluent (Roche) was added, mixed, and incubated at room temperature for 10 min. The DNA extract was stored at Ϫ70°C until testing.
Primer design. Primer sets specific for each of the three species were designed based on the DNA sequences of the 16S rRNA and 16S-23S spacer rRNA genes (11, 15, 33) for C. trachomatis (CTR 70/71), C. pneumoniae (CPN 90/91), and C. psittaci (CPS 100/101). Oligonucleotides were synthesized and purified after synthesis on a DNA synthesizer (380; Applied Biosystems, Norwalk, Conn.) at The Johns Hopkins Genetic Core Laboratory. The sequences were as follows: for CTR 70, 5Ј GGC GTA TTT GGG CAT CCG AGT AAC G 3Ј; for CTR 71, 5Ј TCA AAT CCA GCG GGT ATT AAC CGC CT 3Ј; for CPN 90, 5Ј GGT CTC AAC CCC ATC CGT GTC GG 3Ј; for CPN 91, 5Ј TGC GGA AAG CTG TAT TTC TAC AGT T 3Ј; for CPS 100, 5Ј CCC AAG GTG AGG CTG ATG AC 3Ј; and for CPS 101, 5Ј CAA ACC GTC CTA AGA CAG TTA 3Ј. The sizes of the PCR products predicted with these primers and their corresponding Chlamydia species were 315 bp with primer set CTR 70/71, 197 bp with primer set CPN 90/91, and 111 bp with primer set CPS 100/101.
To check for the specificity of the primer design, the targeted DNA sequence of primer set CTR 70/71 was aligned with the 16S rRNA sequences of other microorganisms present in vaginal samples (GenBank accession numbers): C. trachomatis (D85722), Escherichia coli (M25588), Haemophilus ducreyi (M75084), Neisseria gonorrhoeae (X07714), Gardnerella vaginalis (M58744), Treponema pallidum (M88726), and Trichomonas vaginalis (U17510) (Fig. 1) . The targeted DNA sequence of primer set CPN 90/91 was aligned with the 16S rRNA sequences of other bacteria present in respiratory samples (GenBank accession number): C. pneumoniae (L06108), Staphylococcus aureus (L37597), Streptococcus pneumoniae (Z22807), Legionella pneumophila (M59157), Klebsiella pneumoniae (X87276), Haemophilus influenzae (X87976), and E. coli (M25588) (Fig. 2 ). In the same way, the targeted DNA sequence of primer set CPS 100/101 was aligned with the 16S and 16S-23S spacer rRNA sequences of other bacteria (GenBank accession numbers): C. psittaci (U73108 and U68447), C. pecorum (D85716 and U68434), Simkania negevensis (U68460), S. aureus
, and L. pneumophila (AF000654) (Fig. 3) .
TETR-PCR. The chlamydia TETR-PCR was performed with 50-l vaginal swab samples in STM processed with AMPLICOR specimen diluent, 10-l processed respiratory specimens, or 10-l tissue samples processed by the Chelex method in a total volume of 100 l of PCR mixture overlaid with 1 drop of mineral oil. The final mixture contained 25 pmol of each primer, 0.25 mM deoxynucleosides triphosphates (dNTPs), PCR buffer, and 2 U of AmpliTaq Gold DNA polymerase (Perkin-Elmer, Branchburg, N.J.). Since 1.0 mM MgCl 2 is a component of AMPLICOR specimen buffers, 1.5 mM MgCl 2 was added to the reaction mixture when vaginal swabs were tested; otherwise, 2.5 mM MgCl 2 was used when cultures or tissue or respiratory samples were tested as recommended by the manufacturer of the polymerase (Perkin-Elmer). A touchdown method for thermal cycling (10) combined with an enzyme time release protocol was used with a DNA thermal cycler (480; Perkin-Elmer Cetus, Norwalk, Conn.). Cycling times were 75 s at 95°C (to activate a small fraction of the heat-activated DNA polymerase), followed by 60 cycles of denaturation at 94°C for 45 s, annealing beginning at 62°C and ending at 52°C for 45 s, and extension at 72°C for 1 min. The annealing temperature was lowered 1°C every four cycles until it reached 52°C; this annealing temperature was kept until the end of the cycling process. Progressive release of the heat-activated DNA polymerase occurred during the thermal cycling process. The DNA polymerase was gradually activated at each cycle during denaturation to extend its activity to 60 cycles of DNA amplification. PCR products (20 l) were separated by electrophoresis in 12% polyacrylamide gels (7 by 10 cm) at 80 mA for 30 min with Tris-borate-EDTA buffer (pH 8.3) and visualized with ethidium bromide (0.5 g/ml) (37).
Analytical sensitivity. The analytical sensitivities of TETR-PCR with the various primer sets and nested CP1/2-CPC/D PCR were determined by extracting DNA from fourfold serial dilutions of stock cultures of C. trachomatis VR 348 serovar E, C. pneumoniae AO3, and C. psittaci SM006. Chlamydia stock cultures of known titer were diluted in culture media containing tissue culture cells to keep the level of background DNA constant. The analytical sensitivities of primer sets CTR 70/71, CPN 90/91, and CPS 100/101 were also tested with vaginal, nasopharyngeal, and mouse liver specimens spiked with fourfold serial dilutions of the corresponding Chlamydia species. For comparison purposes, the analytical sensitivities of primer sets CTR 70/71, CPN 90/91, and CPS 100/101 were also determined with a previously described PCR protocol (14) which did not use a TETR protocol. In addition, analytical sensitivity with spiked clinical specimens were tested by use of the TETR-PCR protocol described above but with an alternative DNA polymerase (2 U of HotStarTaq DNA polymerase; Qiagen, Valencia, Calif.) and 1.5 mM MgCl 2 .
Multiplex TETR-PCR. Multiplex TETR-PCR was performed with 5-l chlamydia culture DNA preparations (ϳ25 IFU/PCR) processed by the Chelex method. The three primer sets, CTR 70/71, CPN 90/91, and CPS 100/101, were combined for the simultaneous detection and identification of the three Chlamydia species. The optimal concentration of primers was obtained by checkerboard titration with 1 IFU each of C. trachomatis, C. pneumoniae, and C. psittaci per PCR. Concentrations of primers ranging from 10 to 30 pmol were tested. Optimal primer concentrations were 10 pmol for primers CTR 70, CTR 71, and CPN 91, 25 pmol for CPN 90, and 30 pmol for CPS 100 and CPS 101. The amplification and thermal cycling conditions were the same as for the TETR-PCR described above except for the amount of primers (a total of 115 pmol of primers per reaction in the multiplex TETR-PCR). To avoid product carryover, PCRs were set up in an area physically separate from all activities involving amplified target sequences, including thermal cycling, PCR product storage, and the running of gels. A separate set of pipettes was devoted to the setup of PCRs, and aerosol barrier pipette tips were used. Negative controls, including uninoculated cell cultures, were used throughout the specimen preparation, DNA extraction, and PCR processes. 207-bp fragment in the cryptic plasmid of C. trachomatis, Taq polymerase, uracil N-glycosylase, and dNTPs. PCR amplification was carried out for 30 cycles with a GeneAMP 9600 thermal cycler (Perkin-Elmer Cetus). After amplification, 100 l of denaturation solution (Roche) was added to inactivate uracil N-glycosylase (included in the reaction to prevent contamination of new clinical specimens with previously amplified DNA) (26) . PCR products were detected in a colorimetric assay with avidin-horseradish peroxidase as a conjugate and tetramethylbenzidine as a substrate. The optical density of the reactions was measured at 450 nm. A sample/cutoff ratio of greater than 0.5 was considered positive (35) .
C. pneumoniae comparison nested PCR test. Respiratory samples were tested for the detection of C. pneumoniae with a nested PCR as described earlier (5, 40) . Respiratory specimens processed with N-acetyl-L-cysteine were diluted 1/10 in PCR buffer (10 mM Tris HCl [pH 9.0], 50 mM KCl, 2.0 mM MgCl 2 , 0.1% Triton X-100) and digested with proteinase K (2 mg/ml) at 55°C for 1 h in an Eppendorf thermomixer (5436; Fisher Scientific, Pittsburgh, Pa.) at 700 rpm. After digestion, proteinase K was inactivated by heating at 95°C for 10 min. DNA was extracted by the Chelex method described above. Ten-microliter samples processed with Chelex were subjected to PCR with 50 pmol of each outer primer (CP1 and CP2) targeting the major outer membrane protein gene of chlamydia (omp1) and 1 U of Taq polymerase (Promega Corp., Madison, Wis.) in a total volume of 100 l as described previously (10, 40) .
Ten microliters of PCR products amplified by the outer primers was transferred to a new 100-l PCR mixture for a second amplification with the inner nested primers (CPC and CPD). Another outer primer set (CP1-CP2) can amplify a 333-bp product from both C. pneumoniae and C. psittaci omp1 genes but not from the C. trachomatis omp1 gene. Internal primer CPC is specific for C. pneumoniae; therefore, only the first-stage product from C. pneumoniae can be amplified in this nested PCR, giving a 207-bp target product (40) .
Analysis of discrepant results. Vaginal swab samples with discrepant results between the TETR-PCR with primer set CTR 70/71 and the AMPLICOR PCR for the detection of C. trachomatis were resolved by an additional PCR targeting the omp1 gene, which encodes the major outer membrane protein of C. trachomatis, with primer set CT 0005-CT 0006 as described previously (3, 4) . This expanded reference standard (e.g., for samples found negative by CTR 70/71 TETR-PCR but positive by AMPLICOR PCR, with omp1 PCR being judged true positive) has been used in the past to help resolve discrepancies between test results, particularly among tests that might be more sensitive than culturing (1, 8, 22, 25, 34) .
Respiratory samples with discrepant results between the TETR-PCR with primer set CPN 90/91 and the nested PCR with primer set CP1/2-CPC/D were resolved by an additional nested PCR with outer primer set CPN A-CPN B (CPN A/B) (14) and inner primer set pTW 50-pTW 51 (pTW 50/51) (17) , which targets a 270-bp DNA product in a region of the 16S rRNA gene different from the region targeted by primer set CPN 90/91. 
RESULTS
The predicted 315-, 195-, and 111-bp targeted DNA products were successfully amplified by TETR-PCR with each primer set and the corresponding Chlamydia species DNA (CTR 70/71 for C. trachomatis, CPN 90/91 for C. pneumoniae, and CPS 100/101 for C. psittaci DNAs, respectively Analytical sensitivity. The analytical sensitivity of the PCR assays was determined with DNA extracted from fourfold se- C. trachomatis. A total of 265 vaginal swab samples were tested by TETR-PCR with primer set CTR 70/71 and by the AMPLICOR PCR for the diagnosis of C. trachomatis infection. Twenty-nine samples were found positive and 233 were found negative by both tests ( Table 2 ). The agreement between the two tests was excellent (, 0.94). There were three discrepant results (one TETR-PCR-positive sample was AMPLICOR negative, and two AMPLICOR-positive samples were TETR-PCR negative). One of the three discrepant specimens (AM-PLICOR positive) was confirmed as true positive by the omp1 PCR (4), and the other two discrepant specimens were not confirmed and were considered false positive (one TETR-PCR-positive specimen and one AMPLICOR-positive specimen). After discrepant samples were resolved, 30 
a Discrepant results were resolved by a third PCR targeting the omp1 gene of C. trachomatis (4). ϩ, positive; Ϫ, negative; NT, not tested.
tests was substantial (, 0.78). No resolution of discrepant results was performed.
Multiplex TETR-PCR. Primer sets CTR 70/71, CPN 90/91, and CPS 100/101 were combined into a multiplex TETR-PCR for the identification of chlamydia tissue culture isolates in a single test. Titration of the primer concentration was performed to achieve the simultaneous amplification of all three target products. Only predicted target products were amplified by each species-specific set of primers when DNA equivalent to 1 IFU of a Chlamydia species was tested alone or in combinations of two or three Chlamydia species by multiplex TETR-PCR (Fig. 5) . Multiplex TETR-PCR correctly identified all 15 different serovars of C. trachomatis (315-bp DNA product), 22 of 22 isolates of C. pneumoniae (195-bp DNA product), and 20 of 20 isolates of C. psittaci (111-bp DNA product). The primer sets were specific for the respective species, only predicted DNA products were amplified, and no targeted products were amplified when DNA from two C. pecorum strains was tested (Table 1) .
DISCUSSION
Species-specific TETR-PCR for the detection of chlamydia DNA in the 16S and 16S-23S spacer rRNA genes is a practical and useful method that could be easily implemented in laboratories currently performing molecular amplification techniques with basic laboratory reagents and infrastructure. The three sets of primers used individually or in a multiplex assay detected and differentiated C. trachomatis, C. pneumoniae, and C. psittaci.
With the use of a touchdown method, TETR-PCR showed improved annealing conditions for the primers, especially in the multiplex TETR-PCR, where three set of primers with different optimal annealing temperatures were used simultaneously. Successful coamplification of multiple targeted DNA products was achieved when this protocol was used with the three primer sets, CTR 70/71, CPN 90/91, and CPS 100/101. The targeted DNA products were of different sizes and were easy to identify by means of gel electrophoresis (315 bp for C. trachomatis, 197 bp for C. pneumoniae, and 111 bp for C. psittaci). In addition, multiplex TETR-PCR did not require dimethyl sulfoxide, which has been previously used for coamplification of multiple DNA targets (7) but is reported to inhibit Taq polymerase (18) . The enzyme time release protocol of TETR-PCR allowed 60 cycles of amplification, which improved the analytical sensitivity of the test, allowing detection of 0.004 to 0.063 IFU of Chlamydia species per PCR compared to 0.1 to 4 IFU when a conventional PCR protocol with 35 cycles was used (14) . These levels of analytical sensitivity are better than those reported for conventional PCR protocols (6, 14, 32) and PCR-enzyme immunoassays (3, 17, 21, 41) and are equivalent to those of nested PCR assays (0.063 IFU for nested CP1/2-CPC/D PCR) (2, 40) . No reduction in the analytical sensitivity was noted when the TETR-PCRs were tested with spiked clinical samples (0.004 to 0.063 IFU). In addition, similar analytical sensitivities (0.004 to 0.063 IFU) were obtained when HotStarTaq DNA polymerase was used in place of AmpliTaq Gold DNA polymerase, suggesting that HotStarTaq DNA polymerase could be used as an alternative enzyme for TETR-PCR.
The DNA sequences of primer sets CTR 70/71 and CPN 90/91 and of primer CPS 100 were selected from the 16S rRNA gene. Since the 16S rRNA gene is very conserved within Chlamydia species (15, 33) , very few regions are distinctive for C. psittaci. Therefore, a target DNA sequence for primer CPS 101 was selected in the contiguous 16S-23S spacer rRNA gene, which has more variable regions between Chlamydia species that are unique for C. psittaci (11) . The correct primer selection provided specificity for the TETR-PCRs. One primer tar- 
a Discrepant results were resolved by a third nested PCR (14, 17) . ϩ, positive; Ϫ, negative; NT, not tested. geting a unique chlamydia DNA sequence was sufficient to confer specificity to a primer set. Adequate specificity of the primer sets was supported by the lack of amplified products when DNAs from C. pecorum and other microorganisms were tested. The alignment of the target sequences of primer sets CTR 70/71, CPN 90/91, and CPS 100/101 with the 16S rRNA gene and/or 16S-23S spacer rRNA gene sequences from a selection of other pathogens and normal flora that could be present in clinical samples demonstrated that the selected primer sets, CTR 70/71, CPN 90/91, and CPS 100/101, were significantly different from the 16S rRNA gene sequences of the other organisms, thus confirming their specificity.
The 96.7% sensitivity and 99.6% specificity achieved by TETR-PCR with primer set CTR 70/71 for the detection of C. trachomatis in vaginal specimens were comparable to the sensitivity and specificity of the commercially available AMPLI-COR Chlamydia trachomatis test, which includes a colorimetric hybridization assay for the detection of amplified PCR products and has been reported to have high sensitivity and specificity compared with culturing (23, 35) . The agreement between the two PCR tests in this study was excellent (, 0.94). In addition, TETR-PCR with primer set CPN 90/91 for the detection of C. pneumoniae in respiratory samples was as sensitive (90%) as the nested PCR described by Tong and Sillis, which uses two consecutive PCRs and has been reported to have a high sensitivity for detecting C. pneumoniae DNA in respiratory specimens (40) . TETR-PCR with primer set CPS 100/101 for the detection of C. psittaci showed substantial agreement (, 0.78) with culturing when evaluated with animal tissue samples.
We evaluated our set of primers combined into a multiplex TETR-PCR for the identification of Chlamydia species from tissue culture isolates only and not from clinical specimens. The 16S rRNA and the 16S-23S rRNA spacer genes are highly conserved (11, 15, 33) , and primers based on these regions provided for the correct identification of all 57 chlamydia isolates tested by the multiplex TETR-PCR. The actual testing of the many strains of C. pneumoniae, C. psittaci, and C. trachomatis corroborated that the differences between strains in the 16S rRNA genes where the primers were targeted were indeed conserved differences, as there were no strains that failed to be amplified by multiplex TETR-PCR with their respective primer sets. Multiplex TETR-PCR is more difficult to perform than single-target PCR. To avoid competition, purification of primers after synthesis and careful titration of the primer concentration tested with a small number of targeted DNA copies are required to prevent reduction of the analytical sensitivity.
Multiplex TETR-PCR can potentially be used for clinical samples. Messmer et al. (32) described a nested multiplex PCR targeting a different region of the 16S rRNA gene. Messmer et al. (32) were able to detect 13 specimens positive for C. psittaci among 75 bird tissue or feces samples (4 confirmed by culturing). One human tissue sample detected by nested multiplex PCR for C. psittaci was also reported (32) . Multiplex TETR-PCR may also be useful for the identification of tissue culture isolates of chlamydiae from respiratory specimens, where any of the three species of chlamydiae may cause disease. The analytical sensitivity can be reduced slightly when multiple primer sets are combined in a single PCR. Competition of the primers for dNTPs and DNA polymerase enzyme, the increased probability of amplification of spurious DNA products, and the increased chance for primer-dimer formation are the problems to circumvent with good primer design and PCR techniques.
We extracted the DNA by boiling the cultures with a suspension containing chelating resin as described previously (42) . This method is simple, inexpensive, and easy to perform and requires minimal sample manipulation, which may reduce the chances for contamination (29) . TETR-PCR being a single amplification assay provided fewer chances for carryover contamination than nested PCR, in which amplified DNA products of the first amplification are transferred to a second PCR amplification.
In conclusion, we have developed a sensitive and specific TETR-PCR method for the identification of all Chlamydia species that can cause disease in humans by using the 16S rRNA and 16S-23S spacer rRNA genes. This single-step TETR-PCR method combines (i) a DNA polymerase activated at 95°C, simulating a hot start to prevent DNA synthesis before thermal cycling; (ii) a touchdown protocol that, by reducing the annealing temperature from high to low, improved the specificity of the primers; (iii) the gradual activation of the DNA polymerase enzyme during the thermal cycling, allowing 60 amplification cycles for improved analytical sensitivity; and (iv) a range of annealing temperatures (62 to 52°C) that allowed specific coamplification of multiple DNA targets with primers with different annealing temperatures. These four characteristics provided for sensitivities and specificities comparable to those of the AMPLICOR Chlamydia trachomatis test with vaginal swab samples and the nested PCR for C. pneumoniae with respiratory samples and substantial agreement with animal tissue culturing for C. psittaci.
